ABSTRACT
Background
The appropriate response to the housing and care needs of an ageing population is much debated in the policy and practice literature in England [1] , alongside considerations of how to ensure affordable and sustainable funding. Extra care housing fulfils national housing planning policy objectives by widening the choice of housing to address the diverse needs of an ageing society, and also meets community-centred social care policy aims as it promotes independent living in one's own home by providing care and support in purpose-built accommodation. In particular, the personalisation and social care transformation agendas in England emphasise placing individuals at the centre of the process of bringing housing, health and social care together, with the aim of giving people greater choice and control over the services they receive [1, 2] . As part of these agendas, the government, in partnership with the Homes and Communities Agency, supported the growth of extra care housing through the Department of Health's Extra Care Housing Fund. This Fund provided £227 million capital funding for local authority social services departments and housing associations between 2004 and 2010 in order to stimulate provision of a wide variety of innovative schemes and encourage partnerships in that process [1, [3] [4] .
Although there is no agreed definition, Laing and Buisson [5] suggest that extra care housing can be recognised by several characteristics: it is primarily for older people; the accommodation is self-contained and includes a private kitchen; care can be delivered flexibly, usually by a team of staff based on the premises; support staff are available on the premises for 24 hours a day; domestic care is available; communal facilities and services are available; meals are usually available and charged for when taken; and it aims to be a home for life. In comparison to care homes in England, extra care housing encourages independent living in one's own self-contained dwelling, and offers security of tenure [5] . Extra care housing offers a variety of housing tenures, including rented accommodation and leasehold and shared ownership arrangements, and so can enable people to safeguard their financial assets by purchasing or part-purchasing their accommodation. Schemes are intended to support residents with a range of levels of disability, as well as to provide facilities for members of the local community. Smaller extra care schemes typically have 40 or more units of accommodation [6] , while retirement villages, typically with more than 100 units [6, 7] , provide a wider range of social and leisure activities and more accommodation for purchase. Individuals are encouraged to move into retire-
Outcome Analysis with Residential Care ment villages at a younger age to stimulate the development of a mixed community of interests and abilities. Many extra care schemes are new-build, although a considerable proportion of the smaller schemes have been remodelled from sheltered housing complexes and residential care homes [8] . Remodelling out-dated public sector housing is attractive to many housing providers because England has a legacy of 1960s and 1970s housing which no longer meets older people's aspirations. A review of the research evidence in the United Kingdom (UK) published since 1999 on "housing with care", an overarching term which includes extra care housing, found that the schemes provide opportunities for social interaction and companionship; that schemes could be an alternative to residential care homes; and that such housing may have a positive impact on health and well-being [7] . Indeed, it could be argued that extra care housing is the embodiment of many of the core principles of current social care policy in England: prevention, personalisation, partnership, plurality and protection [2] . Evidence suggests that older people opt into this type of provision with primarily positive expectations [9] , particularly focused on the social aspects of living in the schemes. The nature of extra care, where people have their own front door with 24 hour care and support available, is personalised, largely meeting these expectations: delivering high levels of social well-being and friendship formation [10, 11] . The schemes require partnerships between housing providers, local authorities and care providers [12] . Drawing on the expertise of these partners was shown to be particularly helpful in the early developmental stages of schemes in anticipating delays and potential problems [13] . Extra care adds to the plurality or diversity of housing provision, offers an alternative way of living, and provides balanced communities for people with a range of care needs, including those who otherwise would be expected to move into residential care homes [14] . Yet, a remaining open question is whether or not extra care housing has a cost advantage compared with residential care homes [7, 15] . This is, of course, a key question for those who advocate increased investment in the extra care market in the England.
Difficulties arise in making international comparisons. There has been more emphasis on housing-based solutions for providing accommodation with care in many European countries [16] . However, information about residents is limited. In North America there is a highly developed retirement community industry, dating back to the 1920s [17] [18] [19] [20] . More recently, assisted living has been the most rapidly growing form of housing for older people [21] . Assisted living shares similar characteristics with extra care housing [21, 22] , but there is substantial variation across states and developments often provide inferior facilities to those expected in England. For example, 57 per cent of the units were rooms only and 43 per cent were apartments [21] . Wolf and Jenkins [23] found that residents in assisted living had much greater care needs in terms of being able to undertake activities of daily living (ADLs) than people living in the community, but Darton et al. [14] noted that the average level of need in assisted living appeared to be much lower than in a sample of 19 extra care schemes in England. Another important distinction is that purpose-built or age-restricted accommodation in North America, including assisted living, continuing care retirement communities, and, on a larger scale, independent retirement communities, are predominantly provided by the private sector or not-for-profit organizations, and there is little state-funded or federally funded housing provision for older people [24] . In England, however, with its different housing, health, and social care finance system, the majority of residents in extra care schemes evaluated to date have been at least partly funded by the state.
Local authorities in England are interested in extra care housing as they seek to maximise the use of non-residential services against a policy background which espouses the benefits of 'ageing in place' and 'lifetime homes and lifetime neighbourhoods' [25] , and as they face increasingly tight financial constraints. Local government in England is structured such that Local Authorities (LAs) are charged legally with undertaking a range of functions to specific areas such as providing social care services. Some local authorities have advocated the complete reprovision of care homes by developing extra care housing [26, 27] , a view encouraged by the previous government [28] . Since the implementation of the Care Standards Act 2000 and the Regulation of Care (Scotland) Act 2001, the term nursing home in England has been replaced with "care home with nursing", which describes a home which provides personal care (help with washing, dressing and giving medication), in addition to having a qualified nurse on duty twenty-four hours a day to carry out nursing tasks. Homes where nursing is not provided are generally referred to as "residential care homes, residential care", or simply "care homes". Extra care housing is likely to have more of an effect on the provision of residential care homes (providing personal care only), since "care homes with nursing" will still be needed for residents requiring high levels of nursing or continuous monitoring [5] .
One significant policy driver is the high cost of care homes. A cheaper alternative is inevitably attractive to government, particularly given the projections of a significant increase in the number of old people. In 2009, 16 per cent of the UK population was over 65 years of age. It is estimated that by 2032, there will 16.1 million people aged 65 and over [29] , and that by 2050 over a third of the population in Europe will be over 60 years of age. This has generated considerable debate on the "economics of an ageing world", including the macro-economic consequences of the cost of welfare including subsidised housing [30, 31] .
However, there are concerns that local authorities may advocate and develop extra care housing merely to transfer their costs to the central government budget [31, 32] . The public funding of older people in extra care housing operates through four main channels. These are: Housing Benefit, funded centrally by the Department of Work and Pensions (DWP) and administered through local authorities' housing departments; other welfare benefits; Supporting People programme grant; and the community care budgets of social services departments in local authorities with adult social care responsibilities [5] . Thus, Housing Benefit, which is funded centrally, may pay the bricksand-mortar element of extra care housing; therefore the local authority's social services department only pays for the care element, whereas in care homes they would pay the total cost of the placement, only recovering a meanstested contribution from the client (i.e., the client is charged such sums as they have been financially assessed as being able to pay). The appeal to ease the pressure on hard-pressed local authority social services budgets by transferring costs to other agencies is obvious [34] . However, transferring costs to other budgets does not equate to cost savings overall. One of the shortcomings of many cost estimates of extra care housing has been to calculate cost transfers rather than economic costs [7] .
The limited evidence available to date, does not yet demonstrate that extra care housing offers a cost-effective alternative to care homes, or in fact, to care in the home (i.e. in-home care services) [7] . Studies have mostly been conducted or commissioned by provider agencies to evaluate their own schemes [35, 36] , and the information collected has usually been specific to the particular study, making comparisons difficult. In studies when comparisons are reported, like is usually not being compared with like, cost models lack transparency and only cash costs are presented, not economic or resource costs. Smaller, quite localised studies have often made contentious claims based on accounting or cash costs only [37] . Where cash costs are the focus, conclusions are different, and the complexity and range of funding and charging arrangements for extra care can lead to cost-shunting and distorted views about the relative cost of provision. This, in turn, can lead to inefficient allocation of resources. The UK Royal Commission on the Funding of Long Term Care [38] examined the resource costs, as opposed to cash costs, of a variety of scenarios in "very sheltered" housing managed by different housing associations. However, the analyses apply only to the particular situations considered, and do not lead to general conclusions about the relative costs of extra care and other forms of care [5] . In the current financial climate it is critical that resources are targeted effectively. To do this we need information about the comparative costs and benefits of alternative courses of action.
Methods

The Samples
The data used for the analyses in this paper were obtained from the Department of Health funded PSSRU Evaluation of Extra Care Housing [39] , the 1995/1996 National Longitudinal Survey of Publicly-Funded Admissions to Care Homes [40] [41] [42] , and the PSSRU Crosssectional Study of Care Home Admissions in 2005 [43, 44] .
for sale, while seven of the 16 smaller schemes only provided accommodation for rent. A number of the schemes provided intermediate care services, designed to help people make the transition from hospital care back to their own homes. However, these individuals were not included in the evaluation, which was restricted to householders rather than older people with a short-term stay. In addition, in the villages, a high proportion of new residents moved in without requiring care services, so baseline assessment information was not available for them.
The three villages accounted for 770 units of accommodation and the 16 smaller schemes accounted for 716 units, a total of 1486 units. Excluding the accommodation designated for intermediate care, and the accommodation in the villages for people who did not require care services, reduced the total to 909 units. In all, 408 individuals were included in the cost-effectiveness analyses reported in this paper, 67 in two villages and 341 in the 16 smaller schemes. The criteria for inclusion of individuals were: 1) having participated in both interview stages at admission and six months when individualised cost and outcome data were collected; and 2) having full information at both these stages in the measures used in the statistical matching procedure. Unfortunately, one of the villages was excluded from the analyses because the research there experienced delays. To ensure later research stages were completed on time, the six month stage had to be passed over in this village.
National Longitudinal Survey of
Publicly-Funded Admissions to Care Homes 1995-1999 The 1995/1996 National Longitudinal Survey of Publicly-Funded Admissions to Care Homes focused on the characteristics of newly admitted residents, and their outcomes and costs. Information was collected on 1) their personal characteristics, health and dependency at time of admission, 2) their circumstances prior to admission, 3) their subsequent moves and survival, health and dependency at 6, 18, 30 and 42 months after admission, and 5) charges at admission and sources of funding. In all, 614 care home admissions were included in our analyses. The criteria for inclusion of individuals in our study were: 1) having data at admission and at six months to measure changes in outcomes; 2) having full information at both these stages in the measures used in the statistical matching procedure; and 3) having been admitted to a residential care home (providing board and personal care only), and not to a "care home with nursing" (i.e. formally called nursing homes). The registration and regulation arrangements for care homes and "care homes with nursing" ensure that the latter must use a higher level of, and more costly, staff inputs [45] . Higher unit costs are thus expected for "care homes with nursing"; even when individuals' dependency may be the same as in residential care homes.
The Data
In the PSSRU Evaluation of Extra Care Housing the examination of costs was guided by several costing princeples widely applied in economic evaluations of health and social care; described elsewhere [46] [47] [48] [49] . Most importantly, costs were measured comprehensively to include as many service components as possible at an individual level as described in Bäumker and Netten [50] . The opportunity cost of capital was calculated as the annuity which depletes the lump sum value over the lifetime of the building, commonly estimated at 60 years [46] . The appropriate discount-rate is the one set by HM Treasury for public services in the UK at 3.5 per cent [51] . Current market values were provided by the housing associations or obtained from the relevant District Valuers Office. For properties constructed pre-2008, capital values were uprated to 2008 Quarter 4 prices using the BCIS Tender Price index [52] . To avoid doublecounting the cost implications of the capital investment, items such as capital financing and depreciation were removed from schemes' annual income and expenditure accounts when calculating revenue costs. For health and social care expenditure, service receipt information reported by residents was combined with appropriate unit cost information. This was primarily obtained from a nationally recognised source [53] , and where necessary, unit costs were inflated to 2008 price levels using the relevant inflators given in that volume.
In comparison, for the 1995-1999 National Longitudinal Survey of Publicly-Funded Admissions to Care Homes the gross weekly placement fee, as reported at admission, was the best proxy for cost [40, 41] . The weekly contracted price is set so as to represent the total cost to social services for the care provided. The cost of care in a care home is packaged with the accommodation. Inputs from personnel outside the home such as social work care managers are presumed to be quite small [40] . However, this proxy for costs excludes primary health care, hospital and social security costs [40] . To ensure a likewith-like comparison, it was therefore necessary to exclude primary health and hospital costs from the extra care cost estimations, as shown in Table 1 . However, costs of support and activity provision could be retained because the Care Homes study reported that virtually all care homes organised activity programmes for their residents, predominantly through their staff [41] . These costs obtained from the 1995-1999 study were uprated to 2008 prices using the relevant PSS Pay and Prices Inflators Outcome Analysis with Residential Care [53, 54] , and the resulting figures were in line with care home costs reported in Laing and Buisson's UK Care Home Report 2009 [55] .
A number of identical approaches were used to meare levels of need in both studies. Physical functioning was measured by the Barthel Index of Activities of Daily Living [56] with scores ranging from zero (maximum disability) to 20 (minimum disability). Cognitive impairment was measured by the Minimum Data Set Cognitive Performance Scale (MDS CPS) [57] , with scores ranging from zero (intact) to 6 (very severe impairment). An additional question (adapted from the MDS CPS to combine separate symptoms in a single, overall question), concerned the frequency of problem behaviour, such as wandering, physical or verbal abuse. In addition, an indicator of medical care needs was included as a dummy variable in the analyses, as was an indicator for the presence of a longstanding underlying medical condition.
Cost-Effectiveness Analysis
The aim of this paper is to assess the cost-effectiveness of extra care housing. Ideally, the most valid comparison groups would have been generated by identifying individuals at the point of assessment, who were eligible for extra care housing, but who instead received an alternative intervention, such as a care home placement or additional home care, most appropriate to their needs. However, in the absence of such an ideal study design, we used the next best alternative-historical control individuals and statistical matching. The extra care evaluation was purposefully designed to record information (on all individual level variables likely to affect effectiveness, resource utilisation and costs) equivalent to that collected in the 1995-1999 and 2005 PSSRU studies of publiclyfunded admissions to care homes [40, 43, 44] . Both settings (extra care and care homes) support a broad range of care needs, and thus it was hypothesised that the ranges of care need would overlap between settings. The statistical propensity score matching methodology described below aims to mimic an ideal study design and identify a group of individuals who could be equally well served in either setting.
Propensity score matching (PSM) is an approach that can adjust for baseline imbalances between groups [58] [59] [60] . Estimates of the effects of an intervention derived from observational data are prone to bias in that individuals' characteristics can be confounded with allocation to an intervention [61] [62] [63] . We estimated the conditional probability (the propensity score) that any individual in the two samples (i.e. in the extra care or residential care homes group) might be allocated to residential care given the vector of our defined covariates. The propensity scores were derived by performing a logistic regression. The main limitation of the propensity score matching method [60] is that it conditions on observables [64] : i.e. it can only take account of observed biases [58, 65] . Therefore the choice of conditioning variables in the statistical model predicting propensity scores is of paramount importance, and is best informed by prior research evidence and theory [59, 66, 67] . There is an extensive literature on factors characteristic of people entering residential care homes as supported long-term residents. Informatively, the 1995 National Longitudinal Survey of Publicly-Funded Admissions to Care Homes [40, 41] provided a model to predict probability of admission. As the extra care evaluation was designed to collect equivalent information to the 1995 and 2005 PSSRU studies of admissions to care homes [43, 44] , the likelihood that a confounding factor was left out of our statistical matching methodology was therefore quite low. We tested differrent models to determine the most appropriate predictors for predicting the probability of being allocated to residential care. The matching variables used included demographic characteristics, physical and cognitive functioning variables and previous living arrangements, such as living alone (which proxies the availability of informal support as prior research has shown care decisions to often be family based). The PSM was conducted using the STATA/PSMATCH2 command and was based on nearest neighbour matching with caliper and without replacement. As suggested by Rosenbaum and Rubin [68] , we used a caliper size one quarter of the standard deviation of the propensity scores; i.e. matches must fall within this predetermined caliper/ range. Appropriateness of matching was assessed using standardized differences statistics for continuous variables and differences statistics for noncontinuous variables as recommended by Austin [66] .
The next step in our analyses was to conduct the cost effectiveness analyses (CEA) to compare the relative costs and outcomes between the two matched samples of extra care housing and residential care residents. A ratio of cost difference to outcome difference was computedthe incremental cost-effectiveness ratio (or ICER)-on an outcome measure of physical functioning, as measured by the Barthel Index of Activities of Daily Living [56] . Extra care housing would then be defined as more cost-effective than residential care if:
(a) it is both less costly and more effective or; (b) it is both more costly and more effective, and the decision-maker considers the additional cost to be justified by the improved outcomes or; (c) it is both less costly and less effective and the decision-maker considers the savings achieved to warrant giving up some outcome difference. If (c) holds, there would need to be careful consideration of whether it would be acceptable politically, professionally and to clients to advocate a treatment that leads to worse health or well-being than previous practice [69, 70] . If (b) holds, difficult trade-off questions are raised. It requires the decision-maker to consider whether it is worth incurring the higher costs in order to achieve improved outcomes. If (a) holds (usually described as "dominance"), extra care would both improve the outcome for service users (measured in this case by physical independence) and save money.
It is important that we explore the implications of the inevitable uncertainty associated with any conclusions drawn about relative cost-effectiveness. The difficulty in obtaining the distribution of a ratio has been discussed elsewhere [71] . We used the nonparametric bootstrap method with one thousand replications to express uncertainty in two ways. First we represent scatter plots of the simulated cost-effectiveness ratios in a cost-effectiveness plane, linking effectiveness to costs. Second, from the same bootstrap results, an acceptability curve is constructed. This reveals the probability that extra care housing is cost-effective relative to residential care, given differrent (implicit monetary) values placed on incremental outcome improvements. For a willingness to pay of "λ", this probability is equal to the proportion of bootstrap samples in which the ratio calculated is less than λ. The curve not only presents another measure of uncertainty that is linked to the overview estimate of the incremental costeffectiveness ratio [72] , but can also reveal the nature of the trade-offs which arise if situation (b) above occurs. Table 2 (Column 1) presents baseline demographics and other details for the extra care residents across the 19 schemes for whom cost data was available at the sixmonth interview stage. The mean age was 77 years, with half of respondents aged between 70 and 85. About twothirds of residents were female, and consistent with the marital status information, the majority of residents lived alone at the time of the interview. The majority of the residents had previously been living in ordinary housing (70 percent), 20 percent had been living in sheltered or supported housing, and 7 percent had been living in a care home. The mean score of 14.8 on the Barthel Index illustrates residents' functional ability in terms of performing activities of daily living (ADLs); approximately 40 per cent of residents had quite low dependency levels, scoring 17 or more on the Barthel. The Barthel Index of Activities of Daily Living scores range from zero (maximum disability) to 20 (minimum disability). The MDS CPS scores indicate that only 3 percent of those who moved into extra care suffered from moderate to severe cognitive impairment, and challenging behaviour was infrequent for nearly everyone. In terms of residents' medical histories, more than 80 percent were assessed as having an underlying long term condition, but only onefifth of residents needed some form of nursing care . The mean score on the CASP-19 scale [73] , for which higher scores indicated better self-reported quality of life, was 36 of a maximum of 52.
Results
Cost-Effectiveness Results
Propensity Score Matching
In the absence of randomization, there is no guarantee that the individuals in the extra care housing and care homes admission studies previously described are comparable. Table 2 presents sample descriptive statistics of the extra care and care home samples before and after matching. We describe the presence of selection bias, i.e. a baseline imbalance between the two groups, by calculating the standardised differences in each baseline variable. Differences between the unmatched samples in covariate means, statistically significant at the 1 percent level, indicated that extra care residents were younger than care home residents and were less likely to have previously lived alone, were less likely to have a longstanding underlying medical condition, were less likely to exhibit problem behaviour, and were less dependent and confused, as measured by the Barthel Index and the MDS CPS scores respectively (Table 2, Columns 1-2 and 5). In order to achieve an unbiased comparison of costs, and cost-effectiveness, we controlled for selection bias using the propensity score method described. Figures 1(a) and  1(b) display the overlap between the propensity scores generated by the final logistic model for the probability of being assigned to residential care. Figure 1(a) shows a skewed distribution for the 408 extra care cases compared to the slightly more normal distribution of the larger care home group (n = 614). However, after a proportion 
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(39 percent, n = 240) of the care home cases were matched with the majority of extra care cases (60 percent, n = 240), the distribution of the groups was closer (Figure  1(b) ), indicating correction of confounded ness. The final sample included 480 cases-evenly matched between extra care and residential care; i.e. 240 matched pairs. The average propensity score of the matched care home group (0.49) differed only slightly from the average propensity score of the extra care group (0.46) as did the minimum and maximum propensity scores (0.009 to 0.95; and 0.009 to 0.94 respectively). The differences in covariate means between the two groups reduced substantially when we matched the individuals according to the set of defined covariates as entered into the logistic regression model in Table 3 . The last two columns in Table 2 demonstrate that balance was achieved in all of the covariates after matching. No statistically significant differences between the matched groups remained. Apart from on the indicator variable of a longstanding underlying medical condition, all differences (i.e. % bias) in terms of needsrelated covariates were less than 5 per cent. Simple bivariate comparisons on a few variables that were not in the model, but that could help suggest possible indicators that were not captured in the propensity score, suggest that the groups are robustly similar. The groups did not differ by relation to head of household or previous tenure. Consequently, we are confident that the conclusions with regard to the cost-effectiveness of extra care, reported below, were not related to differences in the characteristics of the residents in the matched samples.
The analyses presented in this paper are based on individuals who were alive and traced at six months when individualised cost and outcome data were collected. However, the extra care evaluation experienced a high drop out of study participants between the interview stages at admission and six months. To investigate attrition bias, we applied the same propensity score approach to match 488 individuals in our extra care housing sample with those in care homes by disregarding whether they had survived to six months. Only a slightly higher proportion of individuals died before the six month interview stage in the care homes sample compared with the extra care group (17 percent compared with 8 percent, respectively). However In the extra care group, twenty-eight per cent of the individuals were not traced, or withdrew, before the six month follow-up stage. Those who remained for at least six months, where slightly less cognitively impaired than those who dropped out (average MDS CPS score of 0.82 compared with 1.17 score, respectively) but this difference was significant at only the 10 per cent level. The mean Barthel score was almost identical (13.98 compared with 14.05).
Individuals more recently admitted to care homes are more dependent than they were in the 1990s and so the size of the "overlap" group between extra care and care home residents-where the cost effectiveness analysis results are applicable-would be expected to be smaller. Indeed, it is arguable that our matched sample of 1995 care homes residents could all be living in private households now. Therefore, we applied the same propensity score approach to a 2005 PSSRU survey of admissions to care homes in 16 local authorities in England, to explore the proportion of the 2005 sample that could be matched to our extra care evaluation dataset. This 2005 study was conducted just a year before our first extra care scheme opened, so is close to contemporaneous. The 2005 dataset consisted of 820 people aged 65 or over. Excluding individuals admitted to nursing beds and the presence of missing data for some covariates employed in predicting propensity scores reduced the available sample to 469 admissions. Subsequently, 30 per cent of these 2005 care home admissions (n = 136) were matched to an extra cent of the 1995 care homes group (n = 240) could be Table 2 ) was £374 per week at 2008 prices, with a standard deviation of £131 (range £172 to £892; 95% confidence interval £357 to £391). Health care costs are not included in this estimate, for the reasons outlined previously. A break-down of the costs of the component parts is presented in Table 5 ; most variability was observed in social care costs (mean £123, range £0 to £612). Detailed service utilisation data for the 240 study members formed the basis of the cost estimates ofhealth and social care. In comparison, the mean weekly cost per care home resident was £409, with a standard deviation of £65 (range £310 to £610, 95% confidence interval £400 to £417). These estimates are reported in Table 6 . Over the six month follow-up period, the average cost saving in favour of extra care housing was £902 (95% confidence interval £421 to £1,383); and this between-group cost difference was statistically significant (t test, p < 0.001).
The mean score on the outcome measure, the Barthel Index of ADLs, was practically the same for both groups at baseline (13.94 compared with 13.89 for the care homes group, p = 0.898). At the six month follow-up stage the scores were 14.22 for extra care versus 13.51 for the care homes group. Thus, there had been a marginal improvement in extra care residents' abilities (0.28) and a decline amongst those in residential care homes (-0.37).
The between group difference for the changes in Barthel scores over six months from baseline to the followup stage (0.65, standard deviation 0.42) was statistically significant at the 10 percent level (t test, p = 0.07), as shown in Table 6 . Normally, a higher score on the Barthel indicates greater independence but to simplify interpretation (and for consistency with the scoring of the MDS CPS), the scoring was reversed for purposes of calculating the cost-effectiveness ratios which follow. Thus, a between-group difference of 0.65 on the Barthel indicates that, on average, extra care residents had better outcomes than care home residents over the six months. On the MDS CPS, indicating cognitive functioning, the extra care group remained stable whilst the care homes group showed some slight deterioration.
The average incremental cost-effectiveness ratio (ICER) is given in Table 6 , together with a bootstrapped estimate of standard errors. The point estimate of the incremental cost-effectiveness ratio was -£1,406, i.e. a £1,406 savings for the extra care group over six months per additional point gained on the Barthel Index (mean cost difference -£902 per six months, mean outcome difference 0.65). The mean ICER using the Barthel Index outcome measure would be located in the south-east quadrant of the cost-effectiveness plane: on average, extra care seems to be "dominant". However, to reflect the uncertainty in the estimates of mean costs and effects, Figure 2 presents a scatter plot of the simulated cost-effectiveness ratios, estimated by repeated sampling (1000 times from the same core sample) as part of the bootstrapping exercise. Quadrants to the right of the y-axis represent the region where extra care is associated with a net gain in effect (97 percent). Quadrants below the x-axis represent the region where extra care is associated with a net savings in cost (100%). The distribution of the simulated incremental cost effectiveness ratios (ICERs) was thus predominantly in the "less costly, more effective" south-east quadrant. Even allowing for uncertainty, extra care housing appears to be more cost-effective than conventional care home provision for our matched sample (n = 480).
Cost-EFfectiveness Analysis II: (136 Matched Pairs)
As discussed, we repeated the cost-effectiveness analysis for the subset of 136 extra care individuals (and their matched counterpart from the 1995 care homes sample), for whom a match was also found in the 2005 care homes dataset. Table 7 shows that the cost of extra care per person per week increased from £374 to £403 and the cost for the care homes group increased from £409 to £413. The incremental cost-effectiveness ratio, however, decreased to a savings of £330 for the extra care group over six months per incremental improvement in the Barthel Index score (mean between-group cost difference -£252 per 6 months, mean outcome difference 0.76), as shown in Table 7 . The associated scatter plot (Figure 3) indicates that extra care appears more effective than residential care at approximately an equivalent cost (although the scatter of points indicates that this result is less certain than the results for the larger sample in Figure 2) . The wide dispersion of points above and below the horizontal x-axis indicates that there is uncertainty about whether this apparent gain in outcomes is achieved at a lower or higher cost. As shown in Table 7 , betweengroup differences were not statistically significant.
Using the bootstrapped data presented in Figure 3 allowed us to plot the cost-effectiveness acceptability curve [72,74,5,] . The solid line in Figure 4 shows the probability that extra care is cost-effective for a range of values for the decision-makers' willingness to pay (λ) for an additional point improvement on the Barthel Index of Activities of Daily Living. The curve demonstrates that the probability of extra care being more cost-effective than residential care is 76 per cent. If decision-makers' willingness to pay (λ) was £400 per point improvement on the Barthel Index over six months, then the probability of extra care being cost-effective increases to 90 per cent. The development of cost-effectiveness acceptability curves reminds us that the absence of a statistical differrence (in either costs or effects) does not necessarily mean that the two treatments cannot in fact be distinguished [70] .
Discussion
The evaluation reported on here, the first large scale evaluation of extra care housing funded by the Department of Health in England, focused on schemes that were developed in response to a specific government capital grant programme. While this focus means the schemes may not necessarily be representative of the wider extra care market in England with providers across the not-for-profit and private sectors, this study adds significantly to the evidence base on the cost implications of extra care housing. Particularly in the current financial climate, information about the comparative costs and benefits of alternative courses of action are needed to target resources effectively. The study demonstrated that extra care has benefits for physical functioning when compared with residential care, and that the associated costs were lower, to a statisticcally significant degree. On average, an incremental improvement in outcome cost £1406 less for the extra care group over a six month period. The same was true for the secondary analysis of cost-effectiveness, conducted to address the expectation of likely higher levels of dependency of publicly-funded people moving into care homes since 1995. Based on matched samples with baseline demographics equivalent to 30 percent (n = 136) of the 2005 PSSRU care homes admission study, the cost of achieving an incremental improvement in the Barthel Index during six months was £330 less in extra care than in residential care. Because of the uncertainty and the need to cast these findings in a decision-making framework, we plotted cost-effectiveness planes and an acceptability curve. Under reasonable assumptions there appears to be a high probability that extra care is more cost-effective than residential care. Yet, it should be noted that we are not aware of evidence on societies' or social care system decision makers' (or indeed residents') actual willingness to pay for such physical functioning improvements.
When we matched our sample with people who moved into care homes in 1995, and the type of people who moved in in 2005, our analyses suggested better outcomes in terms of functional and cognitive ability at six months in extra care housing. Although it is difficult to identify prevention, as by definition we cannot observe what does not happen, we would expect this finding to have beneficial implications for people's future needs for care and support services. Indeed, an in-depth study of the costs before and after individuals from the community moved into one of the extra care schemes in our sample suggested that by maintaining residents' functional abilities, hospital admissions and crisis demands for health services may have been avoided in that higher social care costs were associated with lower health care costs [76] . Furthermore, while our cost effectiveness analyses focused on changes in functional ability, ultimately the objective is improved quality of life. By restricting the domain of "effectiveness" to functional outcomes, the analysis underestimates the benefits of 1) formal care provision (which reduces informal carer burden) and 2) the living environment. First, results from an in-depth study of the costs before and after individuals from the community moved into one of the schemes in the extra care evaluation suggest that informal care costs are low in extra care housing [76, 77] . The issue of apportioning costs for informal carer burden would need to be considered if the comparison group in the cost-effectiveness analysis is people living in their own homes: the aforementioned study [76, 77] identified an average 30 per cent reduction in informal care costs after the move. Second, the nature of extra care, where people have their own front door with 24 hour care and support available, is personalised, and has consistently been shown to deliver high levels of social well-being and friendship formation [10, 11] An analysis of cost variation between extra care schemes [49] showed that at an individual level, higher costs were associated with greater well-being (as measured by CASP-19 well-being scale [73] ) once people's levels of functioning were allowed for. Taking into consideration the wider range of benefits to extra care residents, including the impacts on national objectives such as well-being, choice and independence, would further strengthen value for money judgements about extra care housing.
The lower cost-effectiveness ratio obtained in the second cost-effectiveness analysis was predominantly due to a smaller between-group cost difference rather than to a greater difference in the outcome measurement on the Barthel Index. The mean cost savings associated with extra care was only £252 over six months, compared with £902 previously. The reduction in between-group cost difference was driven entirely by statistically significant higher costs for social care services for the extra care group comprising a slightly higher needs subset of the original matched extra care sample (£35 more costly per week, p = 0.002). This is not entirely unexpected. Higher needs individuals can represent a population with a greater cost and outcome interaction (i.e. improvement in outcome is associated with greater resource use, hence cost). A question that arises is the extent to which extra care can easily support people with more severe problems [7, 14, 78] , and behind this question are fundamental questions relevant to the extra care workforce in terms of its profile; composition; activities; effectiveness and significantly, its labour cost [79] . Whereas residential care is purchased for a fixed fee (or range of fixed fees), extra care housing will become increasingly expensive to social care funders above a certain needs threshold, i.e. as costs rise with increased care need.
A study on the cost variation between extra care schemes confirmed the strong influence on cost of residents' levels of physical and cognitive functioning, and especially the need for nursing type care [49] . The schemes in the present study aimed for, and for the most part achieved, a balance of residents with high, medium and low care needs-although the interpretations of these categories can vary considerably [80] . However, inevitably, such balanced communities within schemes will be affected by residents' changing needs over time and maintaining the balance appears to be difficult [7] . Furthermore, housing providers face considerable pressure from local authorities to increase the number of residents with higher care needs, and some have agreed to do this [14, 80] . However, other studies have suggested that extra care cannot easily support people with more severe problems [7, 78] , and have reported that some residents who developed severe behavioural problems had to move on to other settings [81] . If a pattern of rising need levels in the extra care housing sector does develop, the financial implications on unit costs could be substantial, as the package costs of individuals (the cost of the combination of services they use) would be higher with increased dependency. Yet, it should be noted, that this would still not increase the unit cost in the way that care homes costs do. Another consequence of an increase in the proportion of people with higher needs may be a restricted source of informal support. A less balanced mix of residents may hinder the development of a vibrant community where more active residents provide a source of support [11] , and, in the present study, individuals who were more dependent also tended to live alone.
An important aspect of both overall costs and incentives for investment is that, while we have focused here on the comparison with residential care, a substantial proportion of people who live in extra care schemes are more able, and it is this element of a balanced community, including the active involvement of residents in the schemes, that contributes to their success. With the exception of the more able people in the villages, residents still have higher needs for help than in the general population. It was not possible in this study to compare outcomes for those that would otherwise have remained in their previous homes in the community. With pressures on councils to increase eligibility criteria for social care receipt, the chances are high that the true alternative would be a lack of any wholly publicly-funded support for most. Increasing provision for such individuals, therefore, requires improved strategic planning by social services departments and their planning, health and housing partners to facilitate the market development of a range of housing with care solutions locally, including extra care.
A cost effective alternative to care homes which is positively regarded by older people is clearly very welcome. However, a major barrier to a shift towards extra care housing is the relatively low level of current provision. Using a broad definition, there were about 43,300 extra care units of accommodation in England in 2009 [82] and nearly 480,000 units of ordinary sheltered housing [83] , compared with about 276,000 residential care places and about 179,000 nursing care places in care homes in the United Kingdom [55] . In a climate of financial austerity, investment in such provision seems unlikely if decision makers are focused on immediate rather than longer term cost savings. Even within the course of the study, the downturn in the property market suggested that private investment and willingness of individuals to purchase extra care property was not looking promising. Moreover, the complexities of the funding arrangements in extra care housing are such that no one sector will both bear the costs and reap the benefits. In such situations we can expect individual sector perspectives to drive decision-making rather than the overall public good. An in-depth study of one of the 19 schemes in our evaluation showed that in that instance the public purse bore the vast majority of the cost [76, 77] . This is not surprising however, as we would expect the allocation of costs for the 19 schemes in the extra care evaluation to reflect the fact that they were partially funded under the Department of Health Extra Care Housing Fund, which was encouraging innovation. Whatever the pattern for the schemes at the time of the evaluation, this is likely to change in the future, with changes in the basis for long-term care funding [84] . One important implication of this study is that in any future recommendations we would hope to see incentives in place that encourage this type of provision.
Conclusions
This study marks a significant improvement in the evi- dence base on extra care housing in England. Extra care housing is clearly an important innovation in the care and support of older people in England and one that has considerable potential to support older people in leading active, engaged lives. Factors encouraging the development of extra care schemes include the ageing of the population, the policy endorsement of "ageing in place", the development of new lifestyles in later life, and the wide recognition of the need for greater choice and flexibility in housing options for older people [25, 85] . The generally very positive experience that extra care residents report [10, 11, 78, 86] suggests that this is indeed a promising type of provision. This positive picture raises the issue of cost. For improved productivity we want both better outcomes and either the same or, ideally, lower costs. This study found that costs were lower when comparing equivalent people who moved into publicly-funded residential care homes in 1995, and similar to the more dependent type of person moving into care homes in 2005. Similar or lower costs combined with better outcomes mean that although extra care housing does not appear to provide a direct alternative, it can support some older people at risk of moving into a residential care homes in a costeffective way. Necessarily this type of research serves to highlight unanswered questions which would warrant further research. If extra care housing is to be used as an alternative to residential care, further work is needed on how best to support those who are more dependent with more severe problems. Further work is also needed on the cost and outcome implications for more able individuals; it was not possible in this study to compare outcomes for those who would otherwise have remained in their previous homes in the community.
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